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RADIO RECEIVER HAVING A CHANNEL
EQUALIZER AND METHOD THEREFOR

BACKGROUND

1. Field
This disclosure relates generally to radio, and more spe-

cifically, to a radio recerver having a channel equalizer and
method therefor.

2. Related Art

A constant modulus algorithm (CMA) 1s commonly used
to provide a channel equalizer function 1n a digital FM (fre-
quency modulation) recetver. The channel equalizer 1s used to
correct or mitigate the effects of multi-path noise or adjacent
channel interterence. However, in some cases, the CMA can
cause unintended effects 1in the FM receiver. For example,
single-frequency tones (spurs) may be generated within the
frequency band of interest by defects 1n an RF (radio fre-
quency) front-end. Also, spurs may be generated by the
switching of an operating class D digital amplifier. IT the spurs
have a greater amplitude than the desired FM signal (signal-
of-interest or SOI), the CMA based channel equalizer may
lock onto the spurs while suppressing the SOI.

Therefore, 1t would be desirable to have an FM radio
receiver that removes the spurs while still having the ability to
equalize a relatively wide band SOI.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention 1s illustrated by way of example and
1s not limited by the accompanying figures, in which like
references indicate similar elements. Elements 1n the figures
are 1llustrated for simplicity and clarity and have not neces-
sarily been drawn to scale.

FI1G. 1 1llustrates an FM receiver in accordance with one
embodiment.

FI1G. 2 1llustrates various signals of the FM receiver of FIG.

1.

FIG. 3 1llustrates a method for operating the FM receiver of
FIG. 1.

DETAILED DESCRIPTION

In one aspect there 1s provided, a radio recerver for recerv-
ing a signal, the radio receiver comprises an equalizer, a
demodulator, a lowpass filter, and a coellicient generator. The
equalizer 1s configured to perform a constant modulus algo-
rithm mitialized using a first set of coetficients on the received
signal and for generating an equalized signal. The demodu-
lator 1s coupled to the equalizer for demodulating the equal-
1zed signal. The lowpass filter 1s coupled to the demodulator
tor lowpass filtering the demodulated signal to detect a spu-
rious signal and to generate an offset signal. The coefficient
generator 1s coupled to the lowpass filter and configured to
compare the ofiset signal to a predetermined threshold, and 1f
the offset signal satisfies a predetermined condition 1n rela-
tion to the predetermined threshold, then to generate a second
set of coellicients for re-initializing the constant modulus
algorithm.

In another aspect, aradio recerver 1s provided for recerving
a signal that comprises: an equalizer, a demodulator, a low-
pass filter, and a coellicient generator. The equalizer 1s con-
figured to perform a constant modulus algorithm 1nitialized
using a {irst set of coelficients on the received signal and for
generating an equalized signal. The demodulator 1s coupled
to the equalizer for demodulating the equalized signal. The
lowpass filter 1s coupled to the demodulator for lowpass {il-
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tering the demodulated signal to detect a spurious signal and
to generate an oilset signal. The coelficient generator 1s
coupled to the lowpass filter and configured to compare the
olfset signal to a predetermined threshold, and i1 the offset
signal satisfies a predetermined condition in relation to the
predetermined threshold, then to generate a second set of
coellicients for re-initializing the constant modulus algo-
rithm, wherein the second set of coetficients for the constant
modulus algorithm are generated based on a frequency of the
spurious signal and a set of coellicients related to a predeter-
mined prototype filter.

In yet another aspect, there 1s provided a method 1n a radio
receiver for receiving a signal, where the method comprises:
performing a constant modulus algorithm 1nitialized using a
first set of coellicients on the received signal to generate an
equalized signal; demodulating the equalized signal; filtering
the demodulated signal to detect a spurious signal and to
generate an offset signal; and comparing the offset signal to a
predetermined threshold, and 1f the offset signal satisfies a
predetermined condition in relation to the predetermined
threshold, then generating a second set of coefficients for
re-initializing the constant modulus algorithm.

FIG. 11llustrates an FM recerver 10 1n accordance with one
embodiment. FM receiver 10 includes antenna 12, mixer 14,
local oscillator 16, analog-to-digital (A/D) converter 18,
automatic gain control (AGC) circuit 20, constant modulus
algorithm (CMA) channel equalizer 22, FM demodulator 24,
down sampler 26, down sampler 28, Direct current (DC)
lowpass filter (LPF) 30, coellicient generator 32, multiplex
(MPX) blanker 34, and stereo decoder 36.

Antenna 12 1s coupled to a first input of mixer 14. Mixer 14
has a second mput coupled to a local oscillator 16 for receiv-
ing a local oscillator signal, and an output coupled the input of
A/D converter 18. The mixer 14 and local oscillator 16 are
used to convert radio frequency (RF) signals from antenna 12
to FM signals 1n an intermediate frequency (IF) band of about
10.8 MHz. In other embodiments the IF may be different. The
antenna 12, mixer 14, and local oscillator 16 are part of a
receiver portion known as a “front-end”. There are other parts
ol the front-end that are not illustrated 1n FIG. 1. For example,
the front-end may have circuits that amplify and broadband
filter the recerved FM signals. Also, 1n other embodiments
there may be more than one antenna connected to mixer 14.
Also, a switch (not shown) may be connected between the
antenna 12 and mixer 14 in other embodiments. RF front-end
design 1s known 1n the art and will not be further described.
A/D converter 18 converts the analog output signal of the
front-end circuit to a digital signal and moves the FM signals
from the IF frequency to a base band frequency.

A/D converter 18 has an output coupled to an input of AGC
circuit 20 for providing I and (Q quadature signals at a sample
rate of 480 kilo samples per second (KS/s). The AGC circuit
20 then provides a gain controlled signal labeled “GAIN
CONTROLLED SIGNAL 21” to CMA equalizer 22. CMA
equalizer 22 has an output for providing a constant modulus
signal labeled “EQUALIZED SIGNALS 23" to FM demodu-
lator 24. The CMA equalizer performs an equalization on the
gain controlled signal 21 to produce equalized signals 23
having a relatively constant amplitude. FM demodulator 24
has an output for providing demodulated MPX signals 235
(DEMODULATED MPX SIGNAL 25) to down sampler 26.
Down sampler 26 down samples demodulated MPX signals
25 by two to reduce the sample rate to 240 KS/s. The down
sampled signals are then provided to MPX blanker 34 and to
down sampler 28. Down sampler 28 down samples by five
and has an output for providing a down sampled signal at a
sample rate of 48 KS/s. Note that in other embodiments the
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“sample rates may be different. DC (direct current) LPF 30
has an input coupled to the output of down sampler 28, and an
output for providing an offset signal labeled “OFFSET 317 to
an 1input of coeflicient generator 32. The DC LPF 30 receives
the demodulated and down sampled signal from down sam-
pler 28 and provides the offset signal 31 as a DC signal having
a voltage corresponding to the frequency of a detected spur.
MPX blanker 34 has an output coupled to an input of stereo
decoder 36. Stereo decoder 36 has left and right outputs
labeled “L” and “R”, respectively, for providing a stereo
audio signal corresponding to the received FM signal. Coel-
ficient generator 32 has a first output for providing COEFFI-
CIENTS 33 to a control input of CMA equalizer 22, and a
second output for providing a control signal labeled
“BLANKER CONTROL 35” to a control input of MPX
blanker 34.

FI1G. 2 1llustrates various signals of the receiver 10 of FIG.
1 1n the frequency domain useful for understanding the 1llus-
trated embodiment. The operation of recerver 10 will be dis-
cussed referring to FIGS. 1 and 2. In operation, the receiver 10
1s tuned to a predetermined frequency, or station, and an FM
signal 1s received and processed by antenna 12, mixer 14,
local oscillator 16 and A/D converter 18 to produce quadra-
ture signals I and Q. The I and Q) signals are processed by
AGC 20 to change the signal to produce gain controlled signal
21 having a relatively fixed signal strength. Due to unintended
elfects of, for example, the recerver front-end circuits, one or
more spurs may be generated with the FM signal that appear
as a single tone signal 1n the frequency band of interest 1n the
GAIN CONTROLLED SIGNAL 21 of AGC 20 as illustrated
in FIG. 2. In accordance with the illustrated embodiment,
CMA equalizer 22 1s used to equalize the amplitude of the
gain controlled signal 21 including the spur. As illustrated 1n
FIG. 2, the CMA equalizer 22 1s imtialized by a first set of
coellicients, which normally represents an all pass filter, to

detect and lock onto the spur and attenuate the FM signal to
produce an 1mitial EQUALIZED SIGNAL 23. The nitial
EQUALIZED SIGNAL 23 1s demodulated to produce
DEMODULATED MPX SIGNAL 25. The demodulated sig-
nal 23 includes the spur and the demodulated FM signal. The
spur 1s moved to DC and the frequency band of the FM
demodulated signal 1s reduced by demodulator 24 as 1llus-
trated 1n FIG. 2. In other embodiments, the frequency band of
demodulated signal 25 may be unchanged. After being down
sampled by down samplers 26 and 28, the demodulated FM
signal and spur are provided to DC LPF 30. DC LPF 30
removes substantially the entire demodulated FM signal leav-
ing only the DC voltage from the spur as voltage OFFSET 31.

OFFSET 311sprovided to coellicient generator 32. ITthe spur
voltage OFFSET 31 1s higher than a predetermined threshold,

then the following equation 1s used to determine a second set
of equalizer coellicients to re-initialize the CMA and remove

the spur.

.,—Coellicients &

Coeflicients,, rotorpe

Ef*EE* (ﬁpﬂ?‘_fﬁﬂfﬂk)"{ﬁr s K

Generally, the second set of coeflicients causes the CMA
equalizer 22 to create a notch in the frequency band of the FM
signal at the frequency of the spur. The notch effectively
removes the spurious single frequency signal. In the above
equation _  1s the corresponding frequency for spur voltage
OFFSET 31, F. 1s the sample rate, and K 1s an array of real
integer numbers from 1 to the number of equalizer taps.
Coellicients 1s a set of coellicients related to a prede-

prototvpe
termined prototype filter having a notch at a notch frequency

of £ In the illustrated embodiment, 1 1s 50 KHz. A

rotch” v ‘nrorch

frequency different than 50 KHz may be used 1n the above
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equation 1n other embodiments. The frequency used forf,_, .
can be randomly chosen within the frequency band of inter-
est. In apreferred embodiment, the frequency { . . 1snearthe
center frequency of the frequency band of interest. A proto-
type filter has a notch at the frequency I _. .. Using the center
frequency for the prototype filter minimizes how far the pro-
totype notch 1s moved to correspond to the spur frequency.
Coellicients, . 1s the new second set of generated coetll-
cients. The new coetlicients are then used with a proper gain
factor to re-initialize CMA equalizer 22. The new coellicients

are used to create a notch in the equalized signal 23 at the
frequency of the spur. The RESULTING EQUALIZED SIG-

NAL 23 1s illustrated 1n FIG. 2. The notch in RESULTING
EQUALIZED SIGNAL 23 1s at the spur frequency, thus
removing the spur from the recetved FM signal. After being
re-initialized, CMA 22 will adaptively update without re-
mitializing again. Also, signal BLANKER CONTROL 35
from coelficient generator 32 1s used to control the MPX
blanker 34 to lower a noise detection threshold associated
with MPX blanker 34 11 OFFSET 31 1s greater than a prede-
termined threshold.

A spur may not be present or a spur may not be detected 1f
the spur has an amplitude that 1s less than the amplitude of the
FM signal. The RF function of the front-end circuits may
produce a spurious signal in the IF signal for some tuned
channels and not for others. If no spur i1s detected when the
FM signal 1s 1nitially received, then the CMA 22 1s allowed to
operate without re-initialization. That 1s, the above equation
1s not used to re-initialize the coellicients. Note that the 1llus-
trated embodiment includes an FM signal. However, 1n other
embodiments, signals of other modulation types that are pro-
cessed using a CMA may be substituted for the FM signal.

The described embodiment 1s intended to be implemented
in software or firmware of a digital signal processor (DSP) 1n
an mtegrated circuit. The FM recerver i1s part of a digital IF
automobile radio having a CMA based channel equalizer.
However, the described embodiment may be implemented as
hardware or software or a combination of hardware and soft-
ware. Also, the described embodiment may be used 1n another
type of radio receiver 1n another environment. The described
embodiment removes a detected spur from an FM si1gnal that
may be caused by, for example, defects 1n a receiver front-end
circuit. Removing the spur as described improves audio qual-
ity of the FM signal while still allowing the channel equalizer
to equalize a constant modulus SOI. In addition, the described
embodiment can reduce electromagnetic interference (EMI)
caused by a nearby class D amplifier.

FIG. 3 illustrates a method for operating the FM receiver 10
of FIG. 1. At step 30, recerver 10 1s tuned to receive an FM
signal. At step 52, the CMA equalizer 1s 1nitialized as an all
pass lilter. When the FM signal 1s initially received and a spur
1s detected by the CMA equalizer 22 within the frequency
band, the CMA equalizer 22 1s run at step 54. The CMA
equalizer 22 locks onto the spur instead of the FM signal to be
equalized and removes substantially the entire FM signal. At
step 56, the FM signal 1s demodulated using FM demodulator
24. After being down sampled by down samplers 26 and 28,
DC lowpass filter 30 1s used 1n step 58 to lowpass filter the
demodulated signal, detect the spur, and generate si gnal OFF-
SE'T 31. At decision step 60, the signal OFFSET 31 1s com-
pared to a predetermined threshold ITOFFSET 31 i1sless than
or equal to the threshold, then the NO path 1s taken to step 62,
indicating no spur was detected, and CMA 22 continues to
equalize the FM signal without being re-initialized by the
above equation. If OFFSET 31 1s greater than the threshold at
decision step 60, then the YES path 1s taken to step 64. At step
64 OFFSET 31 1s translated to determine the frequency of the
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spur using coefficient generator 32. Signal OFFSET 31 1s
translated by using a look-up table (not shown) 1n coefficient
generator 32 to determine the frequency of the spurious signal
based on OFFSET 31. In another embodiment, OFFSET 31
may be translated using a linear equation instead of a look-up
table. At step 66, new COEFFICIENTS 33 are generated by
coellicient generator 32 using the above equation for new
coellicients and used to re-initialize CMA 22 and the method
continues to step 62. Also, the BLANKER CONTROL 35 1s
used to control the MPX blanker 34 to lower a noise detection
threshold associated with MPX blanker 34 if OFFSET 31 1s
greater than a predetermined threshold to remove any residual
noise. The method 1s repeated whenever the FM recerver 1s
tuned to a new station.

By now 1t should be appreciated that there has been pro-
vided a method and receiver for removing spurs from a
received FM si1gnal. The spurs are removed by generating new
coellicients for a CMA equalizer. The new coelficients create
a notch at the frequency of the spur. This removes the spur
without affecting the rest of the bandwidth of the CMA. Also,
an MPX blanker 1s used to remove any residual noise from the
spurious signal.

Thus, i1t 1s to be understood that the architectures depicted
herein are merely exemplary, and that in fact many other
architectures can be implemented which achieve the same
functionality. In an abstract, but still definite sense, any
arrangement of components to achieve the same functionality
1s elfectively “associated” such that the desired functionality
1s achieved. Hence, any two components herein combined to
achieve a particular functionality can be seen as “associated
with” each other such that the desired functionality 1s
achieved, irrespective of architectures or intermedial compo-
nents. Likewise, any two components so associated can also
be viewed as being “operably connected,” or “operably
coupled,” to each other to achieve the desired functionality.

Moreover, the terms “front,” “back,” “top,” “bottom,”
“over,” “under” and the like in the description and 1n the
claims, 1f any, are used for descriptive purposes and not nec-
essarilly for describing permanent relative positions. It 1s
understood that the terms so used are interchangeable under
appropriate circumstances such that the embodiments of the
invention described herein are, for example, capable of opera-
tion 1n other orientations than those 1llustrated or otherwise
described herein.

Although the invention 1s described herein with reference
to specific embodiments, various modifications and changes
can be made without departing from the scope of the present
invention as set forth 1n the claims below. Accordingly, the
specification and figures are to be regarded in an illustrative
rather than a restrictive sense, and all such modifications are
intended to be included within the scope of the present mnven-
tion. Any benefits, advantages, or solutions to problems that
are described herein with regard to specific embodiments are
not intended to be construed as a critical, required, or essential
feature or element of any or all the claims.

Furthermore, the terms ““a” or “an,” as used herein, are
defined as one or more than one. Also, the use of introductory
phrases such as “at least one” and “one or more” 1n the claims
should not be construed to imply that the introduction of
another claim element by the indefinite articles “a” or “an”
limits any particular claim containing such introduced claim
clement to inventions contaiming only one such element, even
when the same claim includes the introductory phrases “one
or more’” or “at least one” and indefinite articles such as “a” or
“an.” The same holds true for the use of definite articles.

Unless stated otherwise, terms such as “first” and “second”

are used to arbitrarily distinguish between the elements such
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6

terms describe. Thus, these terms are not necessarily intended

to indicate temporal or other prioritization of such elements.
The term “coupled,” as used herein, 1s not intended to be

limited to a direct coupling or a mechanical coupling.

What 1s claimed 1s:

1. A radio recerver for recerving a signal, comprising:

an equalizer configured to perform a constant modulus
algorithm 1nitialized using a first set of coellicients on
the recerved signal and for generating an equalized sig-
nal;

a demodulator coupled to the equalizer for demodulating,
the equalized signal;

a lowpass filter coupled to the demodulator for lowpass
filtering the demodulated signal to detect a spurious
signal and to generate an ofiset signal; and

a coellicient generator coupled to the lowpass filter and
configured to compare the offset signal to a predeter-
mined threshold, and if the offset signal satisfies a pre-
determined condition in relation to the predetermined
threshold, the coellicient generator determining a ire-
quency of the spurious signal based on the offset signal,
then to generate a second set of coelficients for re-ini-
tializing the constant modulus algorithm.

2. The radio receiver of claim 1, wherein the second set of
coellicients for the constant modulus algorithm are generated
based on a frequency of the spurious signal and a set of
coellicients related to a predetermined prototype filter.

3. The radio receiver of claim 2, wherein the second set of
coellicients are generated using an equation, wherein the
equation comprises:

1 - . $
Cmefﬁilelits”w—(jﬂef‘ﬁglentsﬁmmg,pg
ot 2 (spur—frotch)/Fs*K

wherein Coetlicients,  1s the second set of coefficients,

Coefficients ;... 18 the set of coetlicients related to
the predetermined prototype filter having a notch at a
notch trequency ot i, ., £, 1s the frequency of the

spurious signal, F_1s a sample frequency of the equal-
izer, and K 1s an array of integer numbers from 1 to a
number of taps of the equalizer.

4. The radio recerver of claim 1, wherein the coefficient
generator 1s further configured to use a look up table to deter-
mine the frequency of the spurious signal based on the offset
signal.

5. The radio recerver of claim 1, wherein the predetermined
condition comprises whether the ofiset signal exceeds the
predetermined threshold.

6. The radio recerver of claim 1 further comprising a mul-
tiplexed signal blanker and wherein the coetlicient generator
1s configured to lower a noise detection threshold associated
with the multiplexed signal blanker if the offset signal satis-
fies the predetermined condition.

7. The radio receiver of claim 6, wherein the predetermined
condition comprises whether the offset signal exceeds the
predetermined threshold.

8. A radio recerver for receiving a signal, comprising;:

an equalizer configured to perform a constant modulus
algorithm 1nitialized using a first set of coellicients on
the recerved signal and for generating an equalized sig-
nal;

a demodulator coupled to the equalizer for demodulating,
the equalized signal;

a lowpass filter coupled to the demodulator for lowpass
filtering the demodulated signal to detect a spurious
signal and to generate an ofiset signal; and

a coelficient generator coupled to the lowpass filter and

configured to compare the ofiset signal to a predeter-
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mined threshold, and 11 the offset signal satisfies a pre-
determined condition 1n relation to the predetermined
threshold, then to generate a second set of coellicients
for re-mitializing the constant modulus algorithm,
wherein the second set of coeflicients for the constant
modulus algorithm are generated based on a frequency
of the spurious signal and a set of coellicients related to
a predetermined prototype filter.

9. The radio receiver of claim 8, wherein the coetficient
generator 1s Turther configured to determine a frequency of
the spurious signal based on the offset signal.

10. The radio recerver of claim 9, wherein the coelficient
generator 1s Turther configured to use a look up table to deter-
mine the frequency of the spurious signal based on the oifset
signal.

11. The radio recerver of claim 8, wherein the predeter-
mined condition comprises whether the offset signal exceeds
the predetermined threshold.

12. The radio receiwver of claim 8 further comprising a
multiplex signal blanker and wherein the coellicient genera-
tor 1s configured to lower a noise detection threshold associ-
ated with the multiplex signal blanker 11 the oifset signal
satisiies the predetermined condition.

13. The radio recerver of claim 12, wherein the predeter-
mined condition comprises whether the offset signal exceeds
the predetermined threshold.

14. The radio recerver of claim 8, wherein the second set of
coellicients are generated using an equation, wherein the
equation cComprises:

. B - %
Coeflicients, . =Coellicients orototype

35*23”3* Uspur—fnotch) Fs*K

wherein Coellicients,  1s the second set of coellicients,

Coeflicients,,,,, ;... 18 the set of coetlicients related to
the predetermined prototype filter having a notch at a
notch frequency ot t, ., I, 1s the frequency of the
spurious signal, F_1s a sample frequency of the equal-
izer, and K 1s an array of imnteger numbers from 1 to a

number of taps of the equalizer.
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15. A method 1n a radio receiver for receiving a signal,
comprising:
performing a constant modulus algorithm initialized using

a first set of coelficients on the received signal to gener-
ate an equalized signal;

demodulating the equalized signal;

filtering the demodulated signal to detect a spurious signal
and to generate an offset signal; and

comparing the offset signal to a predetermined threshold,
and 11 the offset signal satisfies a predetermined condi-
tion in relation to the predetermined threshold, then
generating a second set of coetlicients for re-nitializing
the constant modulus algorithm, wherein the second set
of coetlicients for the constant modulus algorithm are
generated based on a frequency of the spurious signal
and a set of coellicients related to a predetermined pro-
totype filter.

16. The method of claim 15 further comprising determin-
ing a frequency of the spurious signal based on the offset
signal.

17. The method of claim 15, wherein the predetermined
condition comprises whether the offset signal exceeds the
predetermined threshold.

18. The method of claim 17, wherein generating the second
set of coellicients comprises using an equation, wherein the
equation comprises:

. B - 2
Coetlicients,, ..., =Coetlicients ..oz e
& * 270 (Fspur—Fnorch W Es*K

wherein Coetficients,  1s the second set of coetficients,

Coeflicients,, ;... 15 the set of coetlicients related to
the predetermined prototype filter having a notch at a
notch frequency ot t,_, ;. I, 1s the frequency of the
spurious signal, F_1s a sample frequency of the equal-
izer, and K 1s an array of integer numbers from 1 to a

number of taps of the equalizer.
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